Background This study assessed the utility of the Binge Eating Scale (BES) as a measure of binge eating disorder (BED) in a bariatric surgery-seeking population by (a) determining the optimal BES cut score for predicting BED, (b) calculating concordance statistics, and (c) determining the predictive value of each BES item. Methods Four hundred seventy-three patients presented for a psychological evaluation prior to Roux-en-Y gastric bypass surgery. The BES and the SCID semi-structured interview for BED were administered. Results Receiver operating characteristic curve analyses identified an optimal BES cut score of 17, which correctly classified 78% of patients with BED. A cut score of 27 improved this statistic, but significantly increased the number of false negatives, which is undesirable for a screening assessment. Discriminant function analyses revealed that nearly all BES items significantly predicted BED. Conclusions The BES is a valid screener of BED for patients seeking bariatric surgery; however, false positives can be expected. Administering the BES as part of a comprehensive psychological evaluation can help improve the assessment and treatment of patients presenting for bariatric surgery.
eating. It was created before the provisional criteria for binge eating disorder were developed and thus does not purport to diagnose BED. However, it remains one of the most commonly used screening tools for measuring binge eating and has been employed in multiple studies of bariatric surgery treatment-seeking populations [2] . The BES has been translated into a variety of languages and validated in multiple international samples [6] [7] [8] . Timmerman [9] reported an adequate 2-week test-retest reliability of the BES in a behavioral weight loss sample (r=.87, p<.001). To our knowledge, internal consistency of the BES has not yet been reported within the bariatric surgeryseeking population.
No studies to date have examined the concordance of BES scores and a diagnosis of BED in a bariatric surgeryseeking population; however, these statistics have been reported with patients seeking or undergoing behavioral and pharmacological weight loss treatment (see Table 1 for a summary of these studies). In these studies, BED was diagnosed using one of two widely used clinician-directed interviews: the Eating Disorder Examination (EDE) [10] or the Structured Clinical Interview for DSM-IV Disorders (SCID) [11] . Concordance statistics in these samples varied based on the BES cut scores employed and the rate of BED in the sample [12] [13] [14] [15] . Conclusions from these investigations suggest that the BES is an appropriate measure to screen for binge eating behaviors in nonsurgical weight loss treatment, although false positives may be common.
In an effort to determine possible ways to strengthen the concordance of the BES with a BED diagnosis, Greeno and colleagues [13] explored the association between each BES item with the EDE obtained diagnosis of BED. Only five of the 16 items were correlated above .30 with the dichotomous present/absent BED classification, calling into question the construct validity of the BES items. The items that were significantly associated with a BED diagnosis measured preoccupation with eating (item 14), guilt after overeating (item 6), difficulty controlling eating (item 10), preoccupation with food (item 15), and eating when not hungry (item 5). We are not aware of any other studies that have evaluated the predictive value of the BES items individually.
In summary, the BES has both strengths and weaknesses as a screening measure for BED. Some diagnostic limitations are to be expected, given that the BES was developed prior to the proposed diagnostic criteria for BED's inclusion in the DSM and thus only purports to measure "binge eating severity." In light of its diagnostic limitations and identification of false positives, its good sensitivity and widespread use as a screening tool may reflect the measure's ability to tap core symptoms of binge eating pathology. Despite its wide use, no studies to date have examined the utility of the BES as a screener for BED in bariatric surgery candidates. Therefore, the present study aimed to evaluate the concordance of the BES and BED diagnosis in a bariatric surgery-seeking population. A secondary aim was to evaluate the predictive validity of each BES item in identifying BED diagnoses.
Methods

Procedure and Measures
Patients presented to one of five bariatric surgeons who perform Roux-en-Y gastric bypass surgery at an urban academic medical center. Patients who were appropriate for surgery (i.e., body mass index (BMI)≥40 or ≥35 with comorbid weight-related medical conditions, history of failure to achieve and maintain weight loss in several diet programs, and absence of medical contraindications) were referred for a psychological evaluation which was performed by a licensed SCID structured clinical interview diagnostic, BED binge eating disorder, BES binge eating scale, EDE eating disorders examination (interview), BE binge eating a Sample of primarily female patients participating in a study examining pharmacological treatment of BED [12] b Sample of women applying to a combined behavioral/pharmacologic weight loss program [13] c Participants were recruited until data from a previously determined number of binge eaters and non-binge eaters were collected d Sample of obese women seeking outpatient obesity treatment [14] e Sample of primarily obese female patients attending an outpatient clinic for metabolic diseases [15] clinical psychologist specializing in bariatric surgery. All participants provided informed consent prior to participation. The evaluation consisted of written questionnaires, including the BES as the standard measure of binge eating-related cognitions and behaviors, and a semi-structured psychosocial interview. The interview lasted approximately 1 to 2 h and covered areas of functioning relevant for bariatric surgery patients, including weight and diet history, current eating habits, emotional eating, psychiatric history (including screening for depression, anorexia, bulimia, and night eating syndrome), knowledge about and expectations for surgery, and the SCID assessment for BED. This study was approved by the Rush University Medical Center Institutional Review Board.
Participants
Participants were 473 consecutive patients who presented for a psychological evaluation prior to undergoing Roux-en-Y gastric bypass at an urban academic medical center. Participants were primarily female (85%) and either African American (52%), Caucasian (37%), or Hispanic (10%). Ages ranged from 18 to 67 years (M=41.7, SD=10.4) and education ranged from 7 to 25 years (M=13.7, SD=2.5). BMI ranged from 35 to 84 kg/m 2 (M=50.5, SD=9.2).
Instrument
Binge Eating Scale The BES [5] is a 16-item instrument designed to measure the behavioral and emotional/cognitive symptoms associated with binge eating. Each of the BES's 16 items contains three to four response options reflecting a range of severity for each characteristic measured. Possible total scores range from 0 to 32 with higher scores indicating more severe binge eating symptoms. Based on the BES total score, individuals can be categorized into three groups according to established cut scores of binge eating severity [16] . These groups are characterized by no binge eating (score ≤17), mild to moderate binge eating (score of [18] [19] [20] [21] [22] [23] [24] [25] [26] , and severe binge eating (score ≥27). A frequent convention is to use the BES as a screening measure to classify all participants with scores greater than or equal to 17 as "binge eaters."
In the current study, Cronbach's alpha was .87, indicating excellent internal consistency.
Statistical Analysis
We calculated the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV), as well as the overall classification rates of the BES based on these scores. These values range from 0 to 1, with values closer to 1 indicating better diagnostic accuracy. See Table 2 for the definition of these parameters specific to this study, along with calculation formulas. Concordance was defined as the ability of the BES to correctly classify individuals with BED at cut scores of >17 (i.e., moderate/severe binge eating) or ≥27 (i.e., severe binge eating) as used in previous studies [12] [13] [14] [15] [16] . To determine the optimal cut score within this population, we conducted a receiver operating characteristic (ROC curve) analysis, which is used to demonstrate the diagnostic efficiency of an instrument. Finally, we evaluated whether there was an optimal subset of BES items to predict BED using discriminant function analysis (DFA).
Results
As noted in Table 3 , 62 individuals were diagnosed with BED based on the SCID interview, yielding a BED prevalence rate of 13.1% in the sample. One hundred fifty-six participants scored >17 on the BES, yielding a moderate/severe binge eating rate of 33.0%. This cut score correctly classified 78.4% of the sample in regard to presence/ absence of BED. Sensitivity was .94, specificity .76, PPV .37, and NPV was .99 (see Table 2 for definitions of these terms). Due to the number of false positives that emerged using this score, we tested a more conservative cut score of 27 or above, based on the score suggested by Marcus and colleagues [16] . Forty-one participants scored ≥27 on the BES, yielding a severe binge eating rate of 8.7%. This cut score correctly classified 87.9% of the sample as established by the SCID interview. Sensitivity was .37, specificity .96, PPV .56, and the NPV was .91. Compared to possible values, The results of the DFA indicated that all BES items significantly discriminated between BED and non-BED participants. The pooled within-group correlations for 15 of 16 items were above .30, indicating high predictive value for all items except for item 16 (r=.26), which asks participants to report whether they are uncertain about how much food consumption is "normal." The pooled within-group correlations for each BES item are reported in Table 5 .
Discussion
This study is the first to evaluate the concordance between the BES and the diagnosis of BED in a bariatric surgeryseeking population. Our results suggest that the BES is a valuable instrument to assess for BED in a diverse sample of obese individuals seeking bariatric surgery for weight reduction.
The ROC curve analysis employed in this study informs our understanding of the utility of the BES for predicting BED. When a cut score of 17 was used, 93.5% of people with BED (sensitivity) and 76.2% of individuals without BED (specificity) were correctly identified. These findings are similar to those reported in other studies with patients seeking behavioral weight loss interventions. Ricca and colleagues [15] reported slightly lower sensitivity and comparable specificity values, while Freitas and colleagues [14] reported comparable sensitivity and significantly lower specificity of the BES. In light of these findings, it is notable that the bariatric surgery-seeking sample from the present study had similar rates of BED as the sample of outpatients with metabolic diseases studied by Ricca and colleagues, whereas Freitas and colleagues recruited participants from an eating disorders resource center with higher rates of BED. The significantly lower specificity reported by Freitas and colleagues suggests that the BES performs better as a predictor of BED in a community sample compared to an eating disordered sample.
As illustrated in Table 4 , raising the BES cut score from 17 to 27 resulted in improved specificity at the cost of significantly reduced sensitivity. Considering raw scores, a cut score of 27 resulted in 39 individuals who were diagnosed with BED being determined "non-binge eaters" by the BES. Comparatively, a cut score of 17 only misdiagnosed four participants in this manner.
When prescreening potential bariatric surgery patients, clinicians are likely to be interested in identifying patients who endorse significant binge behaviors, even if they do not meet full criteria for BED. In other words, identifying false positives is often acceptable as further evaluation and appropriate pre-surgical cognitive/behavioral interventions can be recommended. Considering the clinical utility of the BES as a screening instrument, a cut score of 17 provides the most optimal sensitivity and specificity for this population and thus was retained for the remaining analyses. The PPV of .37 represents the proportion of patients identified by the BES as having BED who were correctly classified. The NPV of .99 represents the proportion of patients with negative BES results who were correctly classified. Unlike sensitivity and specificity parameters, the PPV and the NPV are influenced by the diagnostic prevalence of a condition in a sample. In samples with high prevalence rates of BED, it is expected that the PPV will be higher and the NPV will be lower compared to samples with lower BED prevalence rates. This is illustrated in a comparison of the results of Freitas and colleagues [14] and Ricca and colleagues [15] in Table 1 . The BED prevalence rate of 13.1% in the current sample is similar to that reported by Ricca and colleagues as expected, and the patterns of the PPV and NPV concordance statistics between samples are also similar.
All BES items significantly discriminated between patients with and without BED. Nearly half of the items positively correlated above .5, indicating good predictive value. These values provide evidence for the construct validity of the items and conflict with the results previously found by Greeno and colleagues [13] who found very low correlations for most items. The discrepancy in the results between these two studies might be due to methodological differences (i.e., use of different measures to assess for BED) and/or sample characteristics (i.e., different prevalence rates of BED). Greeno and colleagues further found that items measuring restricting and dieting behaviors (items 9 and 7) were negatively correlated with BED diagnosis. The authors explained that this finding was consistent with data showing that overweight binge eaters endorse very little restriction over their eating. The significant, positive correlation found between these items and the BES in the present study might be explained by the possibility that bariatric surgery seekers are more likely to have made many successful and unsuccessful pre-surgical attempts at weight loss. These analyses should be replicated to better understand how each of the BES items function in predicting BED. Furthermore, conducting qualitative analyses to establish response process validity would aid understanding of how accurately participants understand the concepts each item is intended to measure. However, the BES is typically used clinically as a unidimensional scale, so predictive value of specific items may be of less practical clinical importance than the value of the scale as a whole. The current study adds to the literature by providing evidence for the predictive value of the commonly used cut scores for this measure (Table 5) .
These analyses should be replicated in a sample of patients undergoing evaluation for laparascopic adjustable gastric banding (LAGB) surgery, as previous research has identified higher levels of psychopathology in gastric bypass patients compared to LAGB patients [17] . Another important limitation of the current study is that we were unable to compare post-surgical weight loss and persistence of binge eating symptoms between those who endorsed criteria for BED and those who endorsed subclinical or no binge eating symptoms. Data illustrating the long-term impact of pre-surgical binge eating on post-surgical weight loss and eating behaviors are mixed [18] [19] [20] [21] [22] [23] [24] [25] . Understanding the impact of these outcomes is complicated by measurement issues that arise after surgery. For example, post-surgical patients who are physically unable to rapidly eat large quantities of food cannot meet the objective criteria for a diagnosis of BED by definition [21, 26] . This has led researchers to postulate that the criteria of subjective loss of control rather than quantity of food consumed (for example, while consistently "grazing") might be more relevant for the post-surgical population [4, 27] . Given the potential risk for continued postoperative eating disturbances and greater long-term weight gain, patients with pre-surgical binge eating behavior should be monitored for several years following surgery. Future research is needed to determine whether the presence of BED impacts the trajectory of surgical recovery and post-surgical weight loss.
Much has been learned to support the classification of BED as a clinically significant syndrome since the development of the BES [28] , and screening for BED has become one element of a best practice approach to preoperative psychological evaluation [29] . The BES was not designed to assess for the presence of BED and therefore should not be used in isolation to diagnose BED. However, the results of this study suggest that it is a valid and useful binge eating screening tool for patients seeking bariatric surgery that will inform a thorough clinical evaluation of eating pathology. The vast majority of patients with BED and most patients without BED will be correctly identified by the BES. The BES may identify a significant number of patients with moderate/severe binge eating who do not meet criteria for BED; this is acceptable for a screening instrument, where false positives are more desirable than false negatives. Finally, clinicians can be very confident that a patient with a negative BES screen most likely does not have BED. Given that the BES is one of the most widely used assessment tools for binge eating in this population, these results add significantly to our understanding of its utility in measuring clinically significant binge eating behaviors that will better enable clinicians to maximize the physical and psychological benefits of bariatric surgery.
